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.  Chapter 1
For a long t ime there has been no consensus on the def ini t ion of 'whiplash' .
The term whiplash was used to descr ibe the injury mechanism, the injury i tsel f
and the var ious cl in ical  manifestat ions as a consequence. The term 'whiplash'
became a container concept,  with a negat ive connotat ion. Because of the
controversial  def ini t ions The Quebec Task Force, a Canadian reseach group tr ied
to  make order  ou t  o f  the 'wh ip lash 'chaos  and there fore  in t roduced in  t995 the
fol lowing def ini t ion: "Whiplash is an accelerat ion-decelerat ion mechanism of
energy transfer to the neck. l t  may result  f rom rear-end or side- impact motor
veh ic le  co l l i s ions ,  bu t  can  a lso  occur  dur ing  d iv ing  or  o ther  mishaps .The impact
may result  in bony or soft  t issue injur ies which in turn may lead to a var iety of
cl in ical  manifestat ions (Whiplash Associated Disorders)".Al l  pat ients included
in this thesis were diagnosed as "sprain and strains of the neck" according the
Internat ional Classi f icat ion f  Diseases ( lCD-9 CM) code 847.o.The code for this
diagnosis have been the same for the last z5 years.
The unders tand ing  o f  what  exac t ly  happens to  the  cerv ica l  sp ine  dur ing  a
low-veloci ty,  rear-end col l is ion is l imited, despite a wealth of experimental
studies on the biomechanics of the cervical  spine (Cassidy,199). In research
of biomechanics the focus is on motor vehicle accidents, mainly car accidents.
In car accidents with the impact in the saggital  plane the neck is subject to
forced f lexion, extension as wel l  as shear forces paral lel  to the direct ion of the
impact.  In car accidents with the impact not purely in the saggital  plane the
neck  is  a lso  sub jec t  o f  a  to rs ion  component . l t  i s l i ke ly tha t there  isa  complex
interact ion between forces, l ike speed and direct ion of impact and the posit ion
of the head and the neck.Whiplash injury has classical ly been attr ibuted
to rear-end impacts, but later research showed that also in other kinds of
accidents whiplash injur ies could take place.
The complaints after sprain of the neck are general ly sel f- l imit ing. Complete
recovery occurs within two or three month. However,  in a substant ial  port ion
of pat ients,  r5 to 5o% these complaints become chronic.The main complaints
of spra in of the neck a re neck pa in, freq uently associated with stiftness of the
neck andlor restr icted range of motion. After neck pain headache is the most
frequent ly reported complaint,  fol lowed by visual disturbances, dizziness,
paresthesia and nausea. In the chronic state these ini t ia l  complaints ofter are
accompanied by fat igue, nervousness, concentrat ion disturbances, depression,
emotional instabi l i ty,  s leeping problems and memory disturbances.
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examined the  inc lus ion-  and exc lus ion  c r i te r ia  used in  research  popu la t ions
f rom the  8z  s tud ies  per fo rmed ur ing  the  per iod  r98o- r998 compar ing  the i r
s im i la r i t ies  and d iss imi la r i t ies  w i th  the  Co lden O-uebec Task  Force  s tandard .
None of the invest igated art ic les at isf ied the O_uebec Task Force def ini t ions
comple te ly ,  ne i ther  be fore  nor  a f te r  the i r  in t roduc t ion  i r995.  Never the less ,
the  O_TF s t i l l  seems to  have had some impact  on  e i ther  the  inc lus ion  or
exc lus ion  c r i te r ia  in  the  wh ip lash  l i te ra tu re .  We observed tha t  the  inc lus ion
cr i te r ia  used in  th is  l i te ra tu re  showed a  qua l i ta t i ve  and a  quant i ta t i ve  sh i f t
fo l low ing  the  O_uebec Task  Force  pub l ica t ion  i t995.  For  the  inc lus ion  c r i te r ia
we found bo th  a  s ta t i s t i ca l l y  s ign i f i can t  inc rease in use o f  the  QuebecTask
Force  de f in i t ion  (acce le ra t ion  dece le ra t ion  mechan ism,  rear  end co l l i s ion ,  motor
veh ic le  co l l i s ion  or  o ther  mishaps)  and in  the  c r i te r ion  "neck  pa in" .The Task
Force  seems to  have had a  neg l ig ib le  impact  on  the  exc lus ion  c r i te r ia  used in
resea rch after r995.
o  Chapter  3  and 4
Dur ing  the  z5-year  per iod  ( t91o- t994)  694 pa t ien ts  were  d iagnosed w i th  spra in
o f  the  neck  resu l t ing  f rom a  car  acc ident  and 68o pa t ien ts  were  d iagnosed
wi th  spra in  o f  the  neck  resu l t ing  f rom non car  acc idents  (NCA)  a t  the
Emergency  Room o f  the  Un ivers i ty  Hosp i ta l  Cron ingen.The purpose o f  the
s tud ies  descr ibed inthese chapters  was to  ana lyse  t rends  in  pa t ien ts  l i ke  the
preva lence and groups  a t  r i sk .  For  the  car  acc idents  we a lso  took  in to  account
changes in  the  number  o f  cars  per  inhab i tan t  and the  average number  o f
k i lomet res  dr iven .The b inomina l tes t  was  used to  ana lyze  d i f fe rences  be tween
groups .The to ta l  inc rease (Ax)  in  the  number  o f  pa t ien ts  over  the  who le  per iod
was ascertained by determing the di f ference between the prevalence rate in
ig lo  i9 l4  and tha t  in  99o- t994.
Over the 2;-year period a steady increase in the number of these pat ients with
spra in  o f  the  neck  due to  car  acc idents  (CA)  was observed f rom to  in tgToto tzz
in  g94.The h ighes t  p reva lence was found fo r  the  age group z5-zg  year  o lds
(28.3 per roo,ooo),  fol lowed by +o-++year olds (27.9 per too,ooo).  Across the
l i fe spa n, the ma le:  fema le rat io was 1: o.pS. Of the vict ims 87o were treated as
i  n  oa t ien ts .
Over  the  same per iod  a  s teady  inc rease in the  number  o f  pa t ien ts  (NCA)  was
observed from 55 in ry7o-t974to z4t in rygo-1gg4.The highest prevalence was
found among r5- to t9-year-olds Qg.z per too,ooo),  fol lowed by ro to 14-year
o lds  (34 .o  per  roo ,ooo) .  The major  causes  o f  neck  spra in  NCA were  acc identa l
fal ls (25%), sports injur ies (24%) and bicycl ing injur ies (4%). Across the l i fe
span,  the  male :  female  ra t io  was 1 :0 .63 .  Ten percent  o f  the  pa t ien ts  were
It rea ted  as  inpat ien ts .The increase in the  number  o f  v ic t ims w i th  spra in  o f
the  neck  due to  car  acc idents  as  we l l  as  due to  non car  acc idents  may be  par t l y
a t t r ibu ted  to  inc reased med ia  a t ten t ion  and awareness  o f bo th  phys ic ians  and
pat ien ts .  For  the  group v ic t ims w i th  spra in  o f  the  neck  due to  car  acc idents
a  para l le l  r i se  in  the  number  o f  cars  per  inhab i tan ts  and average increase in
ki lometres dr iven was found. No direct ef fect was observed of seat bel t
leg is la t ion  and the  inc rease in  spra in  o f  the  neck .  For  the  group v ic t ims
wi th  spra in  o f  the  neck  NCA the  reduc t ion  o f  work ing  hours  resu l t ing  in
more  le isure  t ime ac t iv i t ies ,  wh ich  in  tu rn  inc reases  the  exposure  t ime in
a t  r i sk  s i tua t ions ,  may be  respons ib le  fo r  the  inc rease in spra in  o f  the  neck .
o  Chapter  5
Neck  spra in  i s  a  genera l  te rm denot ing  a so f t  t i ssue in ju ry  o f  the  neck ,  wh ich
se ldom causes  major  d isab i l i t y . 'Whip lash ' i s  cons idered a  modern  ep idemic .
In  th is  chapter  the  preva lence o f  spra in  o f the  neck  in ju ry  due to  car  acc idents
was descr ibed,  fo r  d r ivers  and passengers .  In  add i t ion ,  the  degree o f  sea t  be l t
wear ing  in  bo th  d r iver  and passenger  was ana lysed.  A  second a im was to
ident i f y  g roups  a t  r i sk  by  ana lys ing  the  age and gender  d is t r ibu t ion  o f  pa t ien ts
wi th  neck  spra in .The r su l ts  o f  th is  s tudy  revea led  a  sharp  inc rease in neck
spra in  f rom 1989 th rough tggs ,  whereas  a more  or  less  s tab le  pa t te rn  was
found fo r  sea t  be l t  use .The sharp  inc rease inspra in  o f  the  neck  was found
to  be  a t t r ibu tab le  to outpa t ien ts .  F ina l l y ,  we found a  dr iver  p redominance.
Espec ia l l y  a t  r i sk  fo r  spra in  o f  the  neck  were  zo- to  24vear  o ld  d r ivers  ano
t5  to  t9 -year  o ld  passengers .
o  Chanter  6
This t4 year retrospect ive study focussed on the di f ferent types of car accidents
dur ing  the  per iod  t98z- t995 fo r  bo th  d r ivers  and passengers .  A l l  inpa t ien ts
(who were  t rea ted  c l in ica l l y )d iagnosed w i th  "spra ins  and s t ra ins  o f  the  neck ' l
f rom a l l  hosp i ta ls  o f  the  Nether lands  were  inc luded.The da ta  was re t r ieved
f rom the  da ta  base o f  the  Ins t i tu te  o f  In fo rmat ion  on  Hea l thcare  (S lC)wh ich
covered a l l  inpa t ien ts  (99 ,6%)  o f  the  hosp i ta ls  in  the  Nether lands .The b inomi -
nal test was used to analyse di f ferences between groups. The predominant
ca tegory  o f  car  acc idents  was a  co l l i s ion  w i th  another  car  in  d r ivers  as  we l l
in  passengers .  The second major  type  o f  the  acc idents  was the  'unspec i f ied '
category. Of the inpat ients from the col l is ion with vehicle,  the proport ion of
passengers (77%) was stat ist ical ly s igni f icant ly greater than the proport ion
of dr ivers (45%).rhis may be attr ibuted to the fact that dr ivers and passengers
show d i f fe ren t  behav iour  jus t  be fore  or  dur ing  the  moment  o f  car  c rash .  Maybe
the dr iver pays more attent ion to the traf f ic than the passenger.  In that case
the  dr iver  may have be t te r  eac t ion  to  the  sudden event  o f the  car  c rasn  ano
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therefore has less severe injur ies.The r lat ively high proport ion of 'unspecif ied'
accidents in both dr ivers and passengers may be due to the fact that the
vict ims could not remember how the accident happened ei ther due to loss of
conciousness, terror or an inaccurate sel f  report .  l t  may be concluded that both
for dr ivers and passengers in the main category'col l is ion with vehicle 'sprain of
the neck occurred and the distribution of the difterent categories of accidents
is statistically significantly different between drivers and passengers.
o Chapter 7
Sprain of the neck may be caused by car accidents but also by accidental fal ls,
sports accidents, bicycle accidents, motor accidents, and violence. Whiplash
Associated Disorders (WAD), i .e.  persist ing complaints after sprain of the neck,
may develop after such accidents. Many risk factors for the development of
WAD have been studied: accident characteristics, pre-injury complaints, pre-
vious accidents, type and severity of initial complaints after the accident, and
socio-demographic factors. The role of stressful life events in initiating WAD
or in aggravat ing severi ty and durat ion of complaints has been invest igated
scarcely.
Aim of this study was to analyze the influence of stressful life events on the
development of physical  andlor psychological  complaints after sprain of the
neck (WAD). A cohort of patients from the University Hospital of Croningen
with the diagnosis prain of the neck (n=655) in the period i993-1997 were
asked to f i l l  out a quest ionnaire.In total  r93 subjects returned the quest ionnai-
re of which,too subjects,54females and 46 man, mean age34years (sd:t4.6)
did not have complaints before the accident and were therefore at risk for the
development of complaints as a result  of  the sprain of the neck. Physical
complaints were experienced by 77% of the subjects. Psychological complaints
were experienced by 4z% of lhe subjects. Physical andlor psychological
complaints were experienced by 78% of the subjects. Neither the number of
stressful life events nor the impact values of the life events were related to
complaints after the accident.  The number of stressful  l i fe events and the
impact values of the l i fe events were not related to the number, the frequency
and durat ion of complaints afterthe accident.  From the results of this study i t
is concluded that stressful  l i fe events do not playa role in the development of
WAD.
o Chapter 8
In this chapter qual i ty of l i fe and psychological  funct ioning in pat ients with
sprain of the neck were analyzed. Furthermore, the relat ionship between
complaints,  qual i ty of l i fe,  psychological  funct ioning and personal i ty factors,
and the profile of patients with whiplash associated isorders (WAD) was
1 0 9
Y**ut
analyzed,four years after t rauma. The same group of pat ients descr ibed in
chapter 7 were included. Qual i ty of l i fe and psychological funct ioning were
assessed using the RAND-36 and the 5CL-9o, respect ively.  Personal i ty was
assessed by means of two sub scales ( ' inadequacy'and 'social  inadequacy')
of the Dutch Personal i ty Quest ionnaire. Of the group at r isk(56% women
and 44% men, mea n age 33.9, sd t4.6) q ua lity of life was significa ntly worse
in subjects with complaints (mean:78.4,sd r5.5)compared to subjects without
complaints (mean: 87.5, sd: 8.7).  Subjects with complaints reported a lower level
of psychological  funct ioning as subjects without complaints.  However,  the
difference was not statistically significant. Personality did not differ between
the groups with complaints versus without complaints.  Personal i ty and
complaints together were signi f icant ly related to qual i ty of l i fe (n2 sum:0.60)
and psychological funct ioning ( 2 sum: o.73).  No specif ic prof i le of WAD
patients was found.
In conclusion, personal i ty and complaints inf luence qual i ty of l i fe and
psychological  funct ioning to a considerable extent.
o Chapter 9
In the general  discussion the problems with respect to the impact of sprain
of the neck and whiplash associated disorders are descr ibed and a global
overview of preva lences of spra in of the neck is given. The resu lts a re d iscussed
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